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Title: A method for investigating nursing behaviors related to isolation care
Abstract: Background: While an emphasis has been placed on protecting patients by improving
healthcare worker compliance with infection control techniques, challenges associated with patient
isolation do exist. To address this, a more consistent mechanism to evaluate specific clinical behaviors
safely is needed. Methods: The research method described in this study used a high fidelity simulation
using a live standardized patient recorded by small cameras. Immediately after the simulation
experience, nurses were asked to view and comment on their performance. A demographic survey and
a video recorded physical evaluation provided participant description. A questionnaire component one
month after the simulation experience offered insight into the timing of behavior change in clinical
practice. Results: Errors in behaviors related to donning and doffing equipment for isolation care were
noted among the nurses in the study despite knowing they were being video recorded. This simulationbased approach to clinical behavior analysis provided rich data on patient care delivery. Conclusion:
Standard educational techniques have not led to ideal compliance, and this study demonstrated the
potential for using video feedback to enhance learning and to ultimately reduce behaviors which
routinely increase the likelihood of disease transmission. This educational research method could be
applied to many complicated clinical skills.
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Introduction:
Infection prevention continues to be an issue across the healthcare spectrum. A number of studies have
been published looking at basic procedures such as hand hygiene, but methods have not been
consistently applied between studies and the results are often not completely explained.1 Recent
research approaches to hand hygiene have included qualitative data collection,2 a combination of
videotaping and self-report,3 and performance improvement projects.4 Additional methods to evaluate
infection prevention behavior are needed to both enhance continued learning and determine infection
control compliance within active healthcare workers.
Personal protective equipment (PPE) use also remains an important component of healthcare worker
safety and infection prevention. Surveys and epidemiological investigations have found PPE use to be
suboptimal or inadequate.5,6 Some research studies have examined contamination after doffing multiple
types of PPE7 and glove removal.8 These studies have noted the potential for contamination with these
processes. Observational studies have commonly investigated PPE by examining the care of isolated
patients,9 care given during resuscitation,10 and pediatric resuscitation using in situ simulation.11 All of
the studies noted the need to improve performance related to the use of PPE. A study by Mawdsley,
Garcia-Houchins, and Weber12 showed a surveillance program for contact precautions can lead to
improvements to adherence to implementing precautions, but it did not report any behavioral
observations at the bedside or infection control outcome data. While the challenges associated with
patient isolation are noted in the literature, a more consistently applied mechanism to evaluate specific
clinical behaviors safely is needed.
Simulation study designs need to be more consistent and robust to strengthen the evidence for use of
the educational technique, and current study designs have not focused on the transfer of knowledge to
clinical practice.13 The research method described in this study used Donald Schön’s theory of reflective
practice14 in a high fidelity simulation using a live standardized patient recorded by small cameras.
Immediately after the simulation experience, all study participants used retrospective verbal report
techniques while viewing the patient care performance to describe the experience of the care
processes.15 This study has the advantages of reducing the intimidation of having an evaluator in the
presence of the subject and removing any guilt related to harming a real patient.
Methods:
This study evaluated the isolation behaviors of nurses for airborne and contact precautions in a
simulated patient care setting at a Midwestern academic health science center. The hospital is a 627
acute care bed facility. The goal for enrollment was 20 to 30 staff nurses. This method of evaluation
included a real hospital room and small High Definition (HD) digital cameras. The study built on previous
work related to infection prevention.16
Following an expedited review by the Institutional Review Board, study participants were recruited by
email. Due to system limitations for mass email, nursing managers were asked to forward the study
invitation to their nurses. To improve recruitment, a flyer was later developed and posted in break
rooms and nursing workspaces in the hospital. The nurses had to work at least 20 hours per week as a
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nurse in a direct patient care role to be included in the study. After consenting to participate in the
study, each nurse was video recorded during a simulation experience. The nurses were assured prior to
signing consent that all video would be maintained on encrypted drives and only be available to study
personnel.
The nursing patient care scenario was similar to one used in our previous study.16 The scenario and
simulation experience were intentionally simple to reduce the demonstration of errors which might
arise from emergent care situations and to effectively test the methodology. The scenario involved a
patient hospitalized to rule out tuberculosis. The patient had orders for airborne and contact
precautions as well as continuous intravenous fluids. The care included an early shift head-to-toe
assessment and a request for some pain medication. A computer workstation, essentially a laptop
computer on a cart with a corded barcode wand, was a part of the simulation. For simulation purposes,
there was no active patient to select in the electronic medical record and no active barcode on the
armband to scan. Nurses were told to pretend as if they were using the computer workstation in their
unit or practice area.
The simulated care experience used a live volunteer as the simulated patient and took place in a fully
functional patient room at The Nebraska Medical Center in Omaha, Nebraska (Figure 1). One camera
outside the room captured donning behaviors and the room exiting process. Two cameras were placed
in the room strategically to capture nursing care at the bedside and doffing behaviors at the patient
room door from two angles. The lightweight HD cameras were hung with simple clamps from the ceiling
tile brackets. The simulated patient wore a hospital gown, a fake intravenous line taped to her arm, and
a drainage bag under the bed linens for the infusion of medication and fluids. The pain medication the
nurse gave was tap water in a syringe marked as a diluted 2 milligram dose of morphine sulfate.
Isolation materials included typical signage for the facility and an isolation cart in the hallway outside
the patient room containing gowns, gloves, masks, and eyewear. The gowns used in the study come in
one size and were washable. The gowns were made available to the participants as they would normally
come from medical materials. Gloves in all sizes were available on the cart. An N95 respirator was to be
used in the simulation because of the physician orders in the scenario, isolation signage, and patient
condition. There were both N95 respirators and standard procedure masks on the cart. Many styles of
eyewear were available for use. Waste receptacles and linen hampers were available in the room as
appropriate.
Within 10 minutes of completing the simulation experience, the nurses were asked to “think aloud” as
they reviewed their video recording describing the rationales for their patient isolation behaviors.15 The
nurses were cued on certain behaviors of interest including cleaning the computer workstations and use
of the N95 respirator. The HD cameras recorded to Secure Digital or SD cards which were transferred to
a computer or laptop for immediate viewing. After the video review was complete, the nurses were
given the Centers for Disease Control and Prevention (CDC) Guidelines for the use of PPE17 to review and
comment. The audio of the “think aloud” session and CDC Guideline review was recorded and later
transcribed for analysis. Similar to our previous study,16 a scoring sheet was developed to evaluate the
nursing behaviors for analysis. Video recordings taken in the hospital room were edited to view side-byside simultaneously. At least three reviewers scored each video recording of the nurse’s performance
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individually, and then any discrepancies were discussed until consensus was reached on the scores for
each component.
There were three more steps for the nurses to complete study participation. First, they were asked to
complete a demographic survey on age, gender, race, education, years of experience, nursing practice,
fatigue and blood borne pathogen exposure. Next, the nurses were asked to do some range of motion
activities while being video recorded. This was to ensure that there were no physical limitations that
might have impacted performance during donning and doffing activities. The movements specifically
included the ability to reach the neck and waist areas as well as finger dexterity. The camera that was
outside the patient room was used for this video recording. Finally, the nurse was asked for an email
address and told that they would receive a follow up email at 1 month with a short 3 open-ended
question survey about practice change after the simulation, the timing of practice change, and
additional clinical challenges.
Results:
There were 24 nurses that consented and participated in the study. Three of the 24 participants were
male. The age range was from 24 to 61, with an average of 33 years old. 92% reported at least having a
Bachelor of Science in Nursing. 46% of the nurses had over 5 years of clinical care experience. 42% had
a previous experience with a personal blood borne pathogen exposure. The computer workstation for
medication administration was a part of the patient care simulation that each nurse was told to use as
they would in their patient care area. As a result, 18 brought the computer workstation in and out of
the room, while 6 left it in the room.
Video scoring was divided into three major categories. The data is presented as a tally of individual
behaviors in tables for ‘quality of donning’ (Table 1), ‘in room activities’ (Table 2), and ‘quality of doffing’
(Table 3). The “think aloud” and CDC Guideline review transcriptions were coded using qualitative
description as described by Sandelowski.18 The 39 different codes were categorized into ‘donning
issues,’ ‘in room issues,’ and ‘doffing issues’ in a similar fashion to the video scoring data.
Within donning quality (Table 1), poor compliance was noted with gowns, respirators, and eye
protection. All nurses entered the room wearing a gown, but the gowns were rarely tied at the neck and
the waist. One nurse talked about taking special care to untie knots in the gown and tie it snugly at the
neck, while four others admitted to routinely just throwing the knot over their head. Eight nurses
verbally noted routinely not tying the lower tie in practice. While all nurses in the study used the N95
mask, the number who sealed the mask was small, and fit checking was not done at all. One nurse
commented, “And I have been fit tested, but I didn’t do the actual mask, I mean…when I put it on.” One
male nurse did not recognize that his facial hair would impact the respirator seal. A female nurse
commented on hairstyle factors impacting the mask seal. Two nurses only used one of the two straps of
the N95 respirator during the simulation. When asked about the respirator’s second strap, one nurse
said “We have a TB room, but not until we get them…do we break out that equipment.” Another
comment indicated a knowledge deficit regarding airborne precautions saying, “And like I said, I didn’t
know, with TB, like it doesn’t show on the sign that you need a mask…do you?” Eye protection was
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rarely used. In discussing the CDC guidelines,17 one nurse had never thought of administering an IV
medication as a splash risk. Three nurses used the eyewear available on the isolation cart. Two of the
nurses donned them correctly while the third one placed the eyewear on their head like a headband and
adjusted it for use when needed during the patient care. Donning order was never done exactly as
prescribed by the CDC guideline.17 One nurse commented, “I don’t…to me I don’t really think it matters
when you’re going in, I can obviously understand it more going out.”
Regarding in room activities (Table 2), most nurses refrained from touching unprotected areas of their
own bodies with the gloves and did not conduct unnecessary touching of surfaces in the room. In the
simulation, most nurses completed the head to toe assessment before giving the medication, but one
nurse noted infection control reasons for doing it differently by saying, “I guess my rationale here was
assess for pain before I give the pain medications, use the computer while I haven’t had any direct
contact with the patient or any of the patient’s belongings.” Gaps in protection at the wrist between
the gown and glove cuff as well as respirator adjustment did occur in the room, potentially reducing the
participant’s protection from fomites or aerosols. Gaps were more common in taller nurses, indicating
the gowns were not large enough for some of them. Two nurses spoke specifically about the discomfort
of the respirators. Another nurse spoke about adjusting the respirator in the room, and then changing
gloves before returning to patient care. Items such as stethoscopes for patient care were consistently
scored as creating an opportunity for exposure due to the lack of disinfection either before or after use.
Comments about disinfecting the stethoscope focused on the earpieces and the bell, with little
attention given to disinfecting the entire piece of equipment or transmission of germs up around the
face when used.
Finally, regarding doffing activities (Table 3), the items used were consistently discarded properly, but
many nurses did not perform slow and intentional removal of gowns or masks. The nurses did not often
recognize the aerosolization issues related to rolling the gown, but one nurse said, “I’m trying to take
this off like inside out…and then I roll it, but I roll it kind of towards me instead of away from me.”
Doffing order was also never done exactly as prescribed by the CDC guideline,17 but some nurses did
properly sequence the items they chose to wear. For example, one nurse said “…start taking off my
gloves first, keeping in mind that they’re dirty on the outside…and then my gown keeping in mind that it
too is dirty on the outside. And…my mask is last.” Two nurses questioned taking the gloves off first.
One of those nurses commented, “Okay, interesting…and I don’t know why…usually gloves are the last
thing I take off just ‘cause, in case I touch anything else or something, you know, then it’s like, I’m not
doing it with my bare hands.”
Decontamination of the computer workstation created multiple challenges for the nurses and further
analysis and study is needed. Two nurses did not clean the equipment at all. Disinfection of equipment
was done by nine of the nurses with bare hands. Four nurses reached into the clean isolation cart with
dirty hands to get gloves for cleaning the computer workstation, while three donned new gloves before
exiting the room. Disinfection focused on areas that the nurse or patient touched during the patient
care scenario instead of all surfaces of the equipment.
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Upon review of the range of motion movement video recordings, only one participant displayed
stiffness with large body motions and some lack of control with fine motor skills. In the simulation, this
participant asked for help in tying the gown’s lower tie and a research team member assisted. All other
nurses performed the range of motion movements without difficulty.
The emailed one month follow up questionnaire was completed by 14 of the 24 participants. The first
question asked about changes in clinical practice following the simulation experience. The most
common term used was “order” in that nurses recognized there was a proper order and process for
donning and doffing their PPE. Some other comments included thinking about transporting patients
with isolation precautions and more frequently disinfecting laptop computers on carts used in patient
care. One noted sharing their learning experience with coworkers. The second question asked when
the changes in practice occurred if they were noted in the first question. Seven of the answers
indicated an immediate change in practice. One participant noted within a couple of weeks, and
another nurse thought that while the order concepts created change immediately some other behaviors
changed over time as they thought more about the care of the isolation patient. The last question asked
about additional clinical challenges in the care of patients in isolation. Three participants spoke of time
challenges and demands of clinical care, and one of those three nurses mentioned the culture of the
institution. Three nurses talked about cleaning items taken from room to room in the care of the
patient and the quality of room or patient care spaces. Gowns were specifically noted by two
respondents. One commented on gown size, while another spoke to knots when the gowns come back
from the laundry.
Discussion:
A simulation-based approach to clinical behavior analysis in this study provided rich data on how patient
care was delivered at the bedside. Investigating infection control processes specifically necessitated
combining performance scoring and reflection in a new way. The study question needed to include both
what is happening at the bedside and why it is happening. The idea for this combination of study
techniques came from the literature. Whyte, Cormier, and Pickett-Hauber19 successfully used
concurrent and retrospective verbal reports to evaluate prioritization and provision of care for
congestive heart failure patients using simulation, but did not specifically score or evaluate certain
clinical behaviors within the simulation. In our study the verbal reports were not collected concurrently,
but instead as the video of the nurse’s performance were reviewed. This allowed the nurse to operate
in the simulation as they normally would to give patient care, but then step back and fully review their
own performance with the benefit of hindsight.
The science of simulation in healthcare for education continues to evolve13 and randomized controlled
trials using the technique are rare.20 While the research questions for this simulation research were
specifically related to infection prevention behaviors in nurses, this reflective practice method could be
applied to many clinical skills and other health professions. This amount of evaluation is most likely
useful when the skill requires the delicate balance of self-protection from hazards and maintaining
sterility. In this study, the simulated patient care scenario engaged the nurses to get into a normal
nursing role, but the study was not without some limitations. Our work only evaluated washable gowns,
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when many healthcare facilities utilize disposable ones. An interactive electronic medical record for
using the computer workstation to administer the pain medication would have added another layer of
complexity and realism. Also, the sample size was small and included nurses from only one institution.
Similar to our previous study,16 the nurses demonstrated several errors in donning and doffing their PPE
despite the fact they were knowingly video recorded. No nurses in the current study described specific
behaviors caused by anxiety related to the filming. Our findings regarding individual PPE behaviors were
similar to Watson, et al.11 and Mitchell, et al.9 In the study by Watson, et al.,11 issues with tying of the
gown and sealing the N95 respirator were noted, including strap placement. Eye protection use in the
Watson, et al.11 study was 61% for pediatric resuscitation simulations, and the Mitchell, et al.9 noted
37% eye protection use in a multi-hospital observational study of healthcare workers caring for febrile
respiratory illness patients. These rates are higher than the findings in this study, perhaps due to the
Hawthorne effect. The simulation study11 used a mobile audio-visual cart, while the observational
study9 used auditors.
The qualitative findings of this study describe a knowledge deficit among nurses in some specific areas
regarding the use of PPE for infection prevention. The N95 respirator is a good example of the
educational need. Nurses in the study were well versed in the need for fit testing the respirator and
wearing the right size, but when applying it for use they did not routinely use proper strap placement or
demonstrate the fit check before entering the room. Protective eyewear is another piece of equipment
that was misunderstood. Nurses in the study did not understand its role in their self-protection, either
in isolation settings or in typical patient care situations with a high risk of splash. Several clinical
questions arose for the research team regarding the use of protective eyewear which have never been
addressed in the nursing literature simply because nurses do not routinely wear safety eyewear in
patient care, even when emptying drains, commodes, or working with other invasive lines. Gown and
glove use also garnered multiple comments from the nurses. While some nurses explained errors due to
misunderstanding, many described knowingly and repeatedly committing an error because of personal
discomfort, perceived low risk, or lack of time.
As discussed earlier, Watson, et al.11 conducted a study of PPE adherence in pediatric resuscitation
during the 2009 pandemic using high fidelity simulators, video recording, and anonymous surveys, but
they did not conduct any type of interview or collect qualitative data from each participant. Our study
used a very simple, predictable patient scenario in order to eliminate errors caused by the emergent
nature of a patient condition such as resuscitation. Discrete cameras in a real hospital room also helped
to increase the simulation’s fidelity. Collecting video of range of motion movements provided new
information about the physical limitations of our study participants and how this might impact PPE use.
Standard educational techniques have not led to ideal compliance, and we propose using video
feedback to enhance learning and to ultimately reduce behaviors which routinely increase the likelihood
of disease transmission. This educational research method could be applied to many complicated
clinical skills. Behavior modeling and dialogue have been shown to be more effective in many types of
safety training.21 Healthcare providers are rarely given the opportunity to see themselves perform their
duties and to reflect on the quality of the care they provide. In our study, nurses who completed the
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one-month follow up questionnaire predominantly felt the simulation experience positively changed
their clinical practice immediately. Integrating some features of this research study into educational
delivery mechanisms on infection control practice may be helpful in creating lasting impressions for
nurses providing care at the bedside. Future studies should include multiple simulation events to
examine behavior change over time as well as the investigation of infection control behaviors in
different types of healthcare providers both in the hospital and ambulatory settings.
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Figure 1. Hospital Room Simulation Layout
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Table 1. Donning Quality Video Scoring Results, n=24 nurses
Quality of Donning

MET

1) Perform hand washing
2) Gown right side out
3) Tie gown at neck and waist
4) Ties done in bow (secure but easy to untie)
5) Don N95 Respirator
6) Seal N95 Respirator (fit snug to face and below
chin)
7) Fit-check the N95 Respirator
8) Respirator straps positioned correctly (placed
behind head and at base of neck)
9) Don eye protection
10) Don gloves with gown cuffs under the glove
covering wrist of isolation gown

21
14
6
8
24
10

NOT
MET
3
10
18
16
0
14

0
12

24
12

2
16

22
8
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Table 2. In Room Video Scoring Results, n=24 nurses
In Room Activities
1) Touch their face or other non-protected areas
of body with gloves (If so, list # of times)
2) Gap develops between gown cuff and glove
3) Performed unnecessary/unwarranted touching
of the environment
4) Adjust N95 Respirator (breaking the seal) or
other PPE
5) Unprotected areas of body in contact with
potentially contaminated surfaces or
objects in room (example: stethoscope)

Yes
4

No
20

9
3

15
21

9

15

22

2
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Table 3. Doffing Quality Video Scoring Results, n=24 nurses
Quality of Doffing

MET

1) Remove gloves using glove-in-glove technique
2) Dispose of gloves properly
3) Remove eye protection without touching face
4) Reusable eye protection placed in the
contaminated area
5) Untie gown and remove by grasping gown at
the shoulders
6) Remove gown by slowly pulling it down, rolling
inside out to form a bundle and keeping
gown close to body
7) Open laundry hamper using foot pedal
8) Place entire gown into laundry hamper
9) Remove respirator by grasping elastics at the
back of the head and moving them
forward
10) Dispose of respirator in garbage
11) Use of hand sanitizer available before
touching door to exit
12) Perform hand washing

12
21
3
0

NOT
MET
12
3
0
3

5

19

6

18

7
24
5

17
0
19

24
5

0
19

20

4
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